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556a Tuesday, February 18, 2014interaction in some cases. Further analysis revealed that the interaction sur-
face, while delocalized, is located within the amino-terminal two-thirds of
the c-terminal peptide. Such a delocalized and potentially low-affinity interac-
tion surface is allowed due to the high effective concentration of the c-termi-
nal peptide near the inner vestibule of the pore and likely explains why this
region is poorly conserved between species. This type of weak interaction
with a tethered gating peptide may be required to maintain high-sensitivity
to caspase-dependent activation.
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Connexin channels are permeable to a wide variety of molecules. Functional
studies have shown that channels formed by different connexins have different
molecular selectivities, and that the selectivity can strongly depend on
factors other than the size of the permeating molecule. This suggests that spe-
cific interactions between a molecule and the pore lumen determine whether
and how well the molecule can pass through the pore. Molecular Dynamics
simulations are widely applied to study permeation of atomic ions through
ion-selective channels, and in a few cases, to molecular permeation through
transporters and porins. Computational models and strategies must be vali-
dated by comparison with experimental results. To this end, we applied
both a non-equilibrium simulation method (Steered Molecular Dynamics)
and an equilibrium method (Umbrella Sampling Replica Exchange) to
explore the free energy profile of two aminopyridyl-labeled saccharides in
the connexin26 (Cx26) pore, one of which is permeant and one impermeant,
as shown by experiment [1,2]. The system is an MD-equilibrated Cx26 chan-
nel, in explicit membrane/solvent, that incorporates key post-translational
charge changes and has been shown by Brownian Dynamics to reproduce
the electrical conductance characteristics of the native channel [3]. The results
show energy profiles that are consistent with experimental results. The perme-
ant has only moderate energy barriers to overcome, while there is a substantial
barrier to movement of the impermeant through the pore. Potential sites of
interaction within the pore are defined for each molecule. The qualitative cor-
respondence between calculated energy profiles and experimental data for a
permeant and a nonpermeant molecule suggests that this system can be
used to explore the molecular basis by which connexin channels select among
(potential) permeating molecules, and how mutations alter the permeation
process.
1. Bevans J.Biol.Chem. 273:2808.
2. Locke Exp.Cell Res. 298:643.
3. Kwon J.Gen.Physiol. 138:475.
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Cysteine-scanning mutagenesis combined with thiol reagent modification is a
powerful methodology to define pore-lining elements of channels and the
changes in structure that accompany channel gating. To help identify the posi-
tion of the gate of connexin26 (Cx26) hemichannels, using the Xenopus oocyte
expression system, we performed cysteine-scanning mutagenesis of several
residues within the pore, followed by chemical modification using methanesul-
fonate (MTS) reagents. Strikingly, we observed that modification with MTS
reagents, at different pore lining residues, was reversed within minutes of
washout of the reagents. This reversal should not occur unless reducing agents,
which can break the disulfide thiol-MTS linkage, have access to the site of
modification. We therefore tested whether the connexin pore was allowing
cytosolic glutathione, a well-known cytosolic reducing agent, to access the
sites. Inhibition of gamma-glutamylcysteine synthetase by buthionine sulphox-
imine decreased the cytosolic glutathione in Xenopus oocytes and drastically
reduced reversibility of MTS modification. In contrast to MTS reagents, mal-
eimide reagents can chemically modify cysteines in a reaction that cannot be
reversed by glutathione. As predicted, the maleimide modification did notreverse with washout. Using reconstituted hemichannels in a liposome-based
transport-specific fractionation assay, we confirmed that homomeric Cx32,
Cx26, Cx30 and heteromeric Cx26/Cx32 and Cx26/Cx30 hemichannels are
permeable to glutathione, as others have shown for Cx43 channels. These
results suggest that: (a) connexin hemichannels may mediate physiological
glutathione release in diverse cell types; (b) maleimide-based modification is
the more appropriate approach to perform chemical modification to study
structure-function of connexin channels, and other channels and transporters
that are permeable to large molecules, such as pannexin channels. Support:
GM099490 & GM036044.
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Connexins form the intercellular channels composing gap junctions in verte-
brates and providing both the electronic coupling and the exchange of ions
and small molecules between adjacent cells. A gap junction channel consists
of two opposed hemichannels that were recently shown to be functional
when embedded in a nonjunctional membrane. There, the hemichannels
mediate release of messengers controlling several important physiological
processes including cellular proliferation and tissue remodeling. Moreover,
an increasing number of evidence has placed the hemichannels as potential
regulators of homeostatic imbalance present in diverse neurodegenerative
diseases.
Cx26 is a representative of the gap junction channels with a known structure.
Here we resort to molecular modeling methods in order to study process of
ion permeation through its hemichannel. Based on obtained trajectories we esti-
mated ion flux and current in a range of voltages applied experimentally for
native Cx26 and its two known mutants: D50N and G45E. We have analyzed
current-voltage dependencies for the native channel and demonstrated an
opposing effect of the two mutations. Finally we studied the process of ion
permeation when Ca2þ is present in the system. We have shown, for the first
time in silico, possible modulation of the Cx26 current-voltage dependence
by Ca2þ ions.
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Gap junctions (GJ) are intercellular channels that connecting the cytoplasm of
neighbor cells.GJ channels formed by Cx50 and Cx36 show drastic disparity in
their unitary conductance (gj) and transjunctional voltage-dependent gating
(Vj-gating), but the important underlying molecular domains/residues are not
clear. Experimental evidence showed that residues in the first extracellular
domain (E1) of Cx50 likely line the GJ channel pore and are important factors
in determining gj and Vj-gating. We aligned the E1 sequence of Cx50 with that
of Cx36 and found 10 different residues (4/10 residues involves a change in
charge). We generated a chimera Cx50Cx36E1, in which the E1 of Cx50
was replaced by the E1 of Cx36, and 4 point mutations in E1 of Cx50 (where
a charge change occurs, i.e. G46E, D51M, E62N and E68R). Dual patch clamp
study on the homotypic GJ channels formed by the chimera or the point
mutants in N2A cell pairs indicate that the Cx50Cx36E1 channel showed little
change in the Vj-gating properties, but displayed a significantly reduced main
single channel conductance (gj). Our studies on the point mutations of Cx50
showed that some of the mutants altered the Vj-gating properties and others
changed the gj and/or the probabilities in different conducting states. Our study
indicates that Cx50 E1 is an important domain in determining the Vj-gating
properties and gj. Charge changes in different residues in the E1 between
Cx50 and Cx36 showed different channel properties likely dictated by either
their location in the pore structure or the nature of the mutation.
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Penetration through the outer cell wall is the first step for an antibiotic to
reach the target site inside the bacteria. In this study, the role of major
Tuesday, February 18, 2014 557aporin- OmpPst1 of Providencia stuartii is investigated in its susceptibility for
two carbapenem antibiotics imipenem and meropenem. Electrophysiology
measurements revealed kinetic parameters of antibiotic binding to the channel.
Activity of antibiotics against bacterium determined by microbiological
assays correlates with the results obtained from liposome swelling assay and
planar lipid bilayer measurements. In addition, the effect of divalent and
trivalent cations on antibiotic affinity to the channel is investigated. To
follow the exact translocation pathway, molecular modeling provides atomistic
details on the interaction of specific side chains of the two antibiotics with the
channel residues and the position of affinity sites. Further, mutation of these
specific sites in the channel and recording ion current fluctuation in presence
of antibiotics reveal the rate limiting interaction for its translocation. Here,
we have concluded on the relation between permeation of the antibiotics and
resistance acquired by Providencia stuartii. Moreover, employing a multidisci-
plinary approach from MD simulations to protein engineering helps to get a
molecular picture. This information further might give insights for rational
drug design, for effective uptake of antibiotics through porins- check point of
the cell.
References:
1. Bajaj H, et al. (2012) Biochemistry, 51, 10244-9.
2. Tran QT, et al. (2010) J Biol Chem, 285, 32273-81.
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The emergence and dissemination of coordinated resistance mechanism (MDR)
underline the importance to understand the rate limiting steps in antibiotic ac-
tion. Here OmpF porin from E. coli is used as an example to demonstrate what
limits the penetration of carbapenems. Bacteriological kinetic killing assays,
temperature dependent ion conductance measurements, and all-atom computer
simulations were combined to study interaction and translocation of clinically
relevant b-lactam antibiotics through wild type OmpF and two mutants D113A
and D121A, where the key residues at the constriction region have been
substituted. Expression of these various OmpF mutants in an otherwise
porin-null bacterial strain revealed an increase of bacterial susceptibility for
the mutants. High-resolution conductance measurements and modulating the
temperature indicates lower energy barriers for mutant porin correlating with
the microbiological assays. All atom modeling provided a most probable
pathway able to identify the relevant side-chain interactions. This combined
approach allows identifying rate limiting interaction and suggests possible
modification to enhance antibiotic penetration.
References:
1. Hajjar E, et al. Bridging timescales and length scales: from macroscopic flux
to molecular mechanism of antibiotic diffusion through porins. Biophys J.
2010, 98, 569-75.
2. Singh PR, et al. Antibiotic permeation across the OmpF channel: modulation
of the affinity site in the presence of magnesium. J Phys Chem B. 2012, 116,
4433-8.
2817-Pos Board B509
Characterization of a Cyanobacterial Outer Membrane Protein: An
E. Coli Tolc Homologue from Synechocystis Sp. Pcc 6803
Rachna Agarwal1,2, Stanislav D. Zakharov1, S. Saif Hasan1,
Julian P. Whitelegge3, William A. Cramer1.
1Department of Biological Sciences, Purdue University, West Lafayette, IN,
USA, 2Bhabha Atomic Research Centre, Mumbai, India, 3Pasarow Mass
Spectrometry Lab, University of California, Los Angeles, CA, USA.
E. coli TolC (tolerance to colicins) represents an interesting class of outer
membrane (OM) proteins, as it has an a-helical periplasmic tunnel and
b-barrel membrane region, providing a conduit for export of metabolites and
xenobiotics from cell interior to exterior, and import of colicin E1 (1). A TolC
homologue, Slr1270 from Synechocystis 6803, cloned and expressed in
E. coli, has > 40% similarity and ~16% identity to E. coli and Pseudomonas
counterparts, and has a similar domain organization. Homology modeling
using Pseudomonas OprM as template modeled 93% of Slr1270 sequence.
The 1581bp slr1270 gene was cloned and overexpressed in E. coli. Protein
from inclusion bodies, refolded through step-wise dialysis showed major
bands at ~55kDa and >150 kDa on SDS-PAGE corresponding to the monomer
and trimer respectively and ~300 kDa on CN-PAGE. Purified protein displays
a far-UV CD spectrum characteristic of E. coli TolC with > 50% a-helix, andformed channels in planar lipid bilayers with a characteristic single channel
conductance of ~50 pS in 0.1M NaCl. The intact protein mass spectrum
(LC-MS) with a major peak at 54,489 probably represents a mixture of two
species, the TolC product with 1-40 removed and an intact 6-His tag (calcu-
lated mass 54,457.1 Da), and a product with 1-38 removed and a 5-His tag
(calculated mass 54,490.2 Da) after a single carboxypeptidase event. The
small peak at 54,638 Da probably corresponds to TolC product with 1-38
removed and an intact 6-His tag (calculated mass 54,627.3 Da). Peptides
39-76 and 41-76 were recovered from trypsin digests confirming N-terminal
heterogeneity. (1) Zakharov, S. D. et al. 2012. Pathways of Colicin Import:
Utilization of BtuB, OmpF Porin, and the TolC Drug Export Protein, Biochem.
Soc. Trans., 40, 1463-1468.
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The PapC usher is a twin beta barrel pore of the outer membrane of uropatho-
genic E. coli used for the assembly of the P pilus, a key virulence factor in bac-
terial colonization of human kidney cells. The usher catalyzes the translocation
and ordered addition of folded pilus subunits delivered by the chaperone PapD
to the growing pilus. Each PapC monomer is a 24-stranded beta barrel, flanked
by N- and C-terminal globular domains and occluded by a large plug domain
(PD). An alpha helix and the beta 5-6 hairpin loop are additional structural
components that may play a role in controlling plug dynamics. Indeed, struc-
tural studies have revealed that the PD is released to the periplasmic side during
pilus biogenesis, but the exact mechanism for PD displacement has not yet been
elucidated. Several key residues that may be critical for plug stabilization have
been proposed. They cluster in regions at the interface of the plug, the barrel,
the alpha helix and the hairpin, and appear to belong to either electrostatic or
allosteric networks. In order to assess the roles of these residues in plug
displacement, we have used planar lipid bilayer and patch-clamp electrophys-
iology to compare the activity of the wildtype channel with that of mutant chan-
nels with either single or multiple alanine substitutions at these sites. Many
mutants showed an increased propensity at plug displacement, as witnessed
by openings with a conductance similar to that of the previously characterized
plugless mutant (~ 3 nS). Others displayed quieter than WT activity. In addi-
tion, evidence of modal gating was observed in WT and some mutants.
Together, these mutants provide insight into the molecular mechanism of PD
displacement for pilus assembly and translocation through the PapC usher.
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Due to the lipid nature of cellular membranes preventing transport of most sol-
utes between the cytosol and the extracellular environment as well as from the
cytosol to the interior of organelles, cellular homeostasis relies on integral
membrane proteins allowing selective trans membrane movement of solutes.
Aquaporins constitute a family of physiologically very important integral mem-
brane proteins that are found in all three kingdoms, eubacteria, archaea and
eukaryotes. As protein channels, they facilitate passive transport of water
across cell membranes. In the present study the yeast Saccharomyces cerevisiae
was exploited as a host for heterologous expression of human aquaporins.
Aquaporin cDNA was expressed from a galactose inducible promoter situated
on a plasmid with an adjustable copy number. Human aquaporin was C-termi-
nally tagged with yeast-enhanced GFP to quantify functional expression, to
determine sub-cellular localization, to estimate in vivo folding efficiency and
to ease establishment of a purification protocol. We found functional human
aquaporin-1 to constitute up to 8.5 percent of total membrane protein content
after expression at 15oC in a yeast host over producing the Gal4p transcription
factor and growth in amino acid supplemented minimal medium. In-gel fluores-
cence combined with western blotting showed that low accumulation of
correctly folded recombinant Aquaporin-1 at 30oC was due to in vivo mal-
folding. Reduction of the expression temperature to 15oC almost completely
